phy with electrochemical detection, but the number of different methods published for this procedure in recent years indicates the difficulty of the technique. Most methods rely on prior concentration and purification of the catecholamines by adsorption to alumina. However, other electroactive compounds in plasma are also adsorbed and eluted under these conditions, so that highly efficient chromatographic separation is required. A procedure has recently been described in which a neutralized perchloric acid extract of plasma is cleaned up by adsorption onto and elution from a weak cation-exchange resin before extraction with alumina (1). We find that a strong cation-exchange resin gives greater analytical recovery and can be used to clean up untreated plasma, as described in earliermethods for fluorometric estimation (2).
We have scaled down this procedure and developed itinto a routine method as described in this paper. We also describe a further simplification involving commercially available disposable ion-exchange columns.
Methods
Preparation of columns and extraction of catecholamines.
AG 50W-X8 resin, 200-400 mesh (Bio-Rad Laboratories, Richmond, CA 94804), was prepared for use by washing with HC1 (1.5 mol/L), then with water until the effluent was neutral. The resin then was converted to the Na form by treatment with 3 mol/L NaCl solution, followed by water washing. The resin was then stored in phosphate buffer (NaH2PO4/Na2HPO4, 200 mmoliL, pH 6.5). The chromatographic conditions (see Figure 1) are not described in detail because they are not the subject of this paper.
Columns

Use of "Bond Elut" columns.
We have also adapted the procedure to use Bond Elut 100-mg SCX cation-exchange
Harbor City, CA 90710). These were washed with 1 mL of methanol, followed by 1 mL of the phosphate buffer described above. The plasma, prepared as above, was then added, and the column was washed with 12 mL of distilled water. The catecholamines were eluted with 0.5 mL of 1 mol/L HC1O4 into tubes containing 50 .tL each of 250 mmol/L solutions of EDTA and sodium metabisulfite.
Neutralization was not necessary.
Tris buffer (1 mL; 1 mol/L, pH 8.6) was added and the extraction with 10 mg of alumina was done exactly as described above.
Results and Discussion Figure 1 shows typical chromatograms from the same human plasma extracted with alumina only and with the combined treatment.
Chromatographic conditions were the same for both. Resin treatment removed both rapidly eluting material, which tended to obscure the norepinephrine peak, and late-eluting material, so that the next sample could be injected sooner. Uric acid, which is often a problem in plasma extracts Time, mm We tested analytical recovery by adding 250 pmol of standard amines to 1.5-mL samples of plasma and extracting as described above ( Table 1 ). The final eluates were diluted before injection into the chromatograph. Analytical recovery of dopamine was significantly lower (Table 1, apparently owing to losses during elution from the resin and neutralization.
The analytical recovery of dopemine, however, bore a fairly constant relationship to that of 3,4-dihydroxybenzylammne (r = 0.94, p < 0.001; CV of ratio of recoveries 2.8%), so that it would be reasonably accurate to apply a correction factor to dopamine concentrations calculated in the usual way relative to internal standard. With Bond Elut columns, recoveries were greater, but recoveries of both norepinephrine and dopamine were significantly lower than that of 3,4-dihydroxybenzylamine.
We have now adopted the practice of extracting standards added to plasma along with each batch of samples. Any differences in the relative recoveries of the different standards are then used to correct the calculated plasma concentrations.
Recovery of various amounts of analyte was studied by extracting standards containing from 2.5 pmol to 2.5 nmol of each amine. The final eluates were diluted appropriately before injection into the chromatograph, so that all injections contained approximately the same amounts. (This was done so that the experiment was a test of the ability of the preparation procedure to deal with large amounts, rather than of the linearity of the detection system.) Results for 3,4-dihydroxybenzylamine ( Figure 2) show that there is no loss of recovery, even with concentrations 100-fold those normally found in plasma samples. Plots for norepinephrine, epinephrine, and dopamine.-each extracted by both methods.-were similarly linear (r> 0.99 in all cases). Recoveries of 3,4-dihydroxybenzylamine in these experiments (means ± SE, n = 12) were 46 ± 2% with use of the Bio-Rad resin columns and 60±3% with use of the Bond Elut columns. For 223 samples of human and rat plasma run routinely with use of the Bio-Rad resin, mean analytical recovery of internal standard has been 49% (SD 8%). For 85 samples extracted with the Bond Elut columns, the mean recovery has been 67% (SD 9%). electroactive compounds in plasma. Alternatively, a lengthier two-step clean-up procedure allows less-stringent chromatographic conditions. In our experience the methods of sample preparation described above can be used as routine procedures.
Davis and Kissinger
The extra time spent in sample preparation is outweighed by the improved chromatograms obtained. The two methods described give similar results: the use of the Bond Elut columns increases speed, but at rather greater cost.
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